In this article we describe development and validation of stability indicating, accurate, specific, precise and simple Ionpairing RP-HPLC method for simultaneous determination of paracetamol and cetirizine HCl along with preservatives i.e. propylparaben, and methylparaben in pharmaceutical dosage forms of oral solution and in serum. Acetonitrile: Buffer: Sulfuric Acid (45:55:0.3 v/v/v) was the mobile phase at flow rate 1.0 mL min -1 using a Hibar ® Lichrosorb ® C 18 column and monitored at wavelength of 230nm. The averages of absolute and relative recoveries were found to be 99.3%, 99.5%, 99.8% and 98.7% with correlation coefficient of 0.9977, 0.9998, 0.9984, and 0.9997 for cetirizine HCl, paracetamol, methylparaben and Propylparaben respectively. The limit of quantification and limit of detection were in range of 0.3 to 2.7 ng mL -1 and 0.1 to 0.8 ng mL -1 respectively. Under stress conditions of acidic, basic, oxidative, and thermal degradation, maximum degradation was observed in basic and oxidative stress where a significant impact was observed while all drugs were found almost stable in the other conditions. The developed method was validated in accordance with ICH and AOAC guidelines. The proposed method was successfully applied to quantify amount of paracetamol, cetirizine HCl and two most common microbial preservatives in bulk, dosage form and physiological fluid.
INTRODUCTION
Pharmaceutical liquid preparations are particularly vulnerable to microbial growth because of the nature of their ingredients. Such preparations are protected by the addition of preservatives that prevent alteration and degradation of product formulation [1] . Hence antibacterial and antifungal properties of preservatives i.e. parabens, make them an integral part of liquid dosage formulation. Parabens that include Methylparaben (MP Fig. (1) ) and propylparaben (PP, Fig. (1) ), are a group of the alkyl esters of p-hydroxybenzoic acid, have a low toxicity profile and a long history of use. MP and PP are the well-known preservatives that are used primarily for their bactericidal and fungicidal properties [2] . However usage of MP is toxic at higher concentrations and has an estrogenic effect [3] . The estrogenic activity of para-bens increases with the length of the alkyl group and it is believed that PP is estrogenic to a certain degree as well [4] ; therefore finished product release specifications should include an identification test and content determination test with acceptance criteria and limits for each antimicrobial preservative present in the formulation [5, 6] . These indispensable requirements encourage our team to develop new stability indicating method for simultaneous estimation of APIs along with preservatives in liquid formulations to provide driving force in today's pharmaceutical industry and clinical labs. Cetirizine dihydrochloride (CTZ, Fig. 1 ) is a piperazine derivative and metabolite of hydroxyzine. It is described as a long acting non-sedating antihistamine and is used for the symptomatic relief of allergic conditions including rhinitis and chronic urticaria [7] . CTZ provides prompt relief to runny nose, itching of nose or throat due to respiratory allergies, urticaria. In some allergic circumstances it is essential to co-prescribe CTZ with paracetamol (PCM, Fig. 1) , in conditions such as allergic rhinitis where antihistamines are the primary medication to be used [8] . PCM, a paraaminophenol derivative, has analgesic, antipyretic and weak anti-inflammatory activity [9] . PCM combination and coadministration with CTZ is often used as anti-allergic and antipyretic, and for the treatment of severe allergies and cold [10] . Majority of cold medicines contain several active ingredients that include antipyretics, analgesics, antitussive agents, mucolytic agents and antihistamines etc. [11] . such a combination of CTZ with PCM along with MP & PP is usually found in pediatric syrups. New analytical troubles are generated by the development of new pharmaceutical forms with classical active compounds. That is the case of oral solution containing PCM, CTZ with essential presence of MP and PP as preservatives.
Literature survey reveals some analytical methods are reported for simultaneous determination of paracetamol and cetirizine HCl by high-performance liquid chromatographic (HPLC) with isocratic elution [10, 12 -14] , with gradient HPLC method [15 -17] and capillary zone electrophoresis [18] , paracetamol and parabens by HPLC [19, 20] , and the one and only method for CTZ with parabens (other than PP) [21] , however our extensive research discloses that till now no stability indicating isocratic HPLC method is available which can determine the four ingredients concomitantly, therefore an endeavor was made to develop a simple, sensitive and validated stability indicating RP-HPLC method using UV detection to determine PCM and CTZ along with its essential microbial preservatives in liquid dosage forms and physiological fluid. Present work deals with method development, method validation and forced degradation study of the ingredients. The applicability of the method was confirmed for analysis in pharmaceutical products and body fluid studies. The results of analysis were validated in accordance with International Conference on Harmonisation (ICH) and Association of Official Analytical Chemists (AOAC) guidelines [22, 23] .
MATERIALS AND METHOD
The proposed method is designed to be simple to use, sensitive, rapid with easy sample preparation for selected API's and preservatives ingredients. Separation and quantification in pharmaceutical drug formulations and blood were achieved with an isocratic elution.
Reagents and Chemicals
Cetirizine HCl, paracetamol, methylparaben and propylparaben were kind gifts from national pharmaceuticals, whereas sulphuric acid, sodium heptane sulphonate, acetonitrile (HPLC grade) were purchased from Merck (Germany 
Chromatographic Conditions
HPLC analysis was carried out at ambient temperature. Compounds were chromatographed isocratically with a mobile phase consisting of acetonitrile: sodium n-heptane sulfonate 0.01M: sulfuric acid 0.1M (45:55:0.3 v/v/v) with apparent pH 3.0 ± 0.1 (pH adjusted if required using sulfuric acid 0.1M). Mobile phase was filtered by passing through a 0.45 µm membrane filter (Millipore, Bedford, MA, USA). Flow rate of mobile phase was 1.0 mL min -1 , and injection volume of testing solution was 20µL. The effluent was monitored spectrophotometrically at wavelength of 230nm. Mobile phase was used as dilution solvent, throughout the analytical work.
EXPERIMENTAL

Standard Preparation
Stock Solutions
In a 100 mL class-A volumetric flask 15mg of PP reference standard was accurately weighed and dissolved in dilution solvent via sonication for few seconds (usually 10-15 seconds) to have a stock solution-A of 150 µg mL -1 . Similarly in three other flasks 10mg, 135mg and 100mg of CTZ, MP and PCM were dissolved in diluent to get stock standard solutions of 100 µg mL -1 , 1350 µg mL -1 and 1000 µg mL -1 concentration respectively. These stock solutions were further diluted for performing different experiments in the research work. For dilution and other solution preparation purposes calibrated class-A (Pyrex ® ) minimal volume pipette of 10 mL was used [24] .
Lab. Prepared Mixture Solutions
For laboratory mixture preparation 15mg of PP reference standard was accurately weighed and dissolved in dilution solvent via sonication for few seconds to have a stock solution-A of 150 µg mL -1 . While in another class-A 100 mL volumetric flask, CTZ & MP reference standards were accurately weighed as 10mg and 13.5mg added by 10 mL of stock solution-A and dissolved in diluent and designated as stock solution-B. Similarly in another 100 mL volumetric flask, accurately 10mg of PCM was weighed and dissolve in 50 mL of dilution solvent; added by 10 mL of the stock solution-B and filled up to the mark with dilution solvent to get stock solution-C containing 10 µg mL -1 of CTZ, 100 µg mL -1 of PCM, and 13.5 µg mL -1 of MP and 1.5 µg mL -1 of PP. This working solution was used in further analytical steps.
Sample Preparation
Marketed Samples
For making a sample from syrups, one bottle of each brand was opened and content was mixed to get an evenly homogenized stock sample to contain 100 µg mL -1 , 1350 µg mL -1 , 1000 µg mL -1 and 150 µg mL -1 of CTZ, MP, and PCM & PP respectively. Sample volume of 10 mL was accurately taken in 100 mL volumetric flask and 50 mL of diluent was added. Then sample was mixed thoroughly by stirring for 10 minutes and added by diluent up to the mark and designated as stock sample-A; second dilution was prepared by dissolving 10 mL of stock sample-A in 100 mL diluent and then filtered through 0.45 µm filter and injected into HPLC system.
Sample for Serum
By a skilled clinical laboratory technician blood samples were collected from healthy volunteers in evacuated glass tube. Volunteers were confirmed to be not involved in any medication, smoking, and strenuous activity. In order to separate out serum, blood was shaken with the aid of shaker (Labnet Orbit 1000) at 200 rpm and centrifuged by centrifuge machine at 10,000 rpm for 15 minutes. Acetonitrile was added to serum (90:10, v/v) and centrifuged again at 10,000 rpm for 10 min to deprotonate it. The serum thus obtained was used for analysis and was stored at 20°C. For making working sample 10 mL of stock sample-A was taken in 100 mL flask, followed by 15 mL of serum. The sample thus obtained was stirred for 10 minutes and added with diluent up to the mark. Triplicate solutions were prepared for each working solution for analysis in serum, and were filtered through 0.45 µm filter prior to inject into HPLC system.
Forced Degradation Conditions
For this purpose 10 mL of stock solution-A was diluted in four individual 100 mL volumetric flasks and 15 mL of degrading agent were added to each flask individually, with exception of one to which only diluent was added; these included 0.1M HCL, 0.1M NaOH, 3%H 2 O 2 and then to each flask diluent was added up to the mark. All the four samples were placed in water bath at 60°C for one hour. Samples were then filtered through 0.45 µm filter paper and injected into HPLC system.
Stability Studies
For stability studies commercially available samples were placed at accelerated conditions of temperature and humidity that is at 40°C with 75% relative humidity and at ambient conditions of 30°C temperature with 65% relative humidity in environmental chamber for six months. A stability protocol was followed for six months and assays were performed as described previously.
Method Validation
Method validation was performed following ICH and AOAC guidelines [22, 23] according to which assay validation was performed via various procedures including specificity, linearity, range, accuracy, intra-day & inter-day precision and system suitability etc. To study linearity, twenty dilutions were prepared from stock solution-B to give standard solutions in range of 10% to 200% of all ingredients content for marketed products. Standard calibration curve was generated using regression analysis. For specificity commonly used excipient in syrup preparation were spiked in a pre-weighed quantity of drugs and then peak areas were measured and calculated to determine the quantity of the drugs recovered. Precision was performed by analyzing corresponding standard daily for a period of three days (Inter-day precision or reproducibility), and three times a day with an interval of 08 hours (Intra-day precision or repeatability) against freshly prepared standard solutions. For determining accuracy reference standards were accurately weighed and added to previously analyzed syrup sample, to get three different concentration levels i.e. 110%, 120%, 130% of the API's. At each level, samples were prepared in triplicate and recovery percentage was determined.
Limit of detection (LOD) and limit of quantification (LOQ) for the method were established by sequentially diluting standard solutions at decreasing concentrations, in range of 100 ng mL -1 to 0.01 ng mL -1 and injected onto chromatographic system. Limit of detection was defined as the concentration for which a signal-to-noise ratio of 3:1 was obtained and, for quantification limit; a signal-to-noise ratio of 10:1 was considered. Robustness was studied by analyzing same samples of syrup by deliberate variation in method parameters, such as in the chromatographic conditions, like mobile phase, pH, flow rate, temperature etc. System suitability of the method was evaluated by analyzing symmetry of the standard peaks, resolution and theoretical plates of the column.
RESULTS AND DISCUSSIONS
HPLC method development and its validation are the obligatory requirements for any drug available in the market to have high quality products. A few methods are available for determination of CTZ and PCM as described earlier, but many of them are used only for certain definite objectives and none can be generalized for simultaneous determination of CTZ and PCM with mentioned preservatives in pharmaceutical products and serum. In order to solve the problems of the gradient elution, we developed and validated an isocratic HPLC method for the simultaneous determination of the four ingredients.
Similarly none of the mentioned methods [10, 17] is as much sensitive as ours; in terms of its precision, accuracy, %recovery, limit of detection LOD and limit of quantification LOQ. Moreover this method is sensitive enough to be used for pharmacokinetic studies as its LOD & LOQ are in nano gram range, and provide best resolution of drugs. This section of the research work is part of our future article to be published soon afterwards.
Method Development & Optimization
For developing a fit-to-purpose method for analysis, parameters, such as detection wavelength, mobile phase composition, optimum pH and concentration of the standard solutions were comprehensively studied. All the ingredients were diluted in dilution solvent and then run through UV spectrophotometer (Shimadzu 1650 PC) in UV range of 190nm-400nm to get maximal wavelengths, where maximum absorbance was attained i.e. 230nm, 220nm, and 254nm for CTZ, PCM and MP & PP respectively. However considering the difference of concentration of the ingredients and intensity of their absorbance a single wavelength method was adopted, that is 230nm at which all the molecules gave satisfactory absorbance. The chromatographic parameters were evaluated using a Hibar ® Lichrosorb ® C 18 column. An ion-pairing mobile phase already developed by our research team [25] was selected in terms of its components & their proportions and was modified for better representable chromatography. The mobile phase composed of Acetonitrile: Buffer of previously mentioned proportion promoted a short run time (10 min) as shown in Fig. (2) , so this condition was adopted in accompanying analysis.
Validation Studies
The linearity was determined in the range of 10% -200% of claimed content for all API's in marketed formulation. The assay was judged to be linear as the correlation coefficient was greater than 0.997 in all cases, calculated by the least-square method. A linear correlation was found between the peak areas and the concentrations, in the assayed range. The regression analysis data are presented in Table 1 . Chromatogram shown in Fig. (2b) proves specificity or selectivity of the assayed method, as the chromatograms in samples were found identical with standard chromatogram (Fig. 2a) and no interference peak was observed either in pharmaceutical formulation or in physiological fluid. Peak purities higher than 97.0% (Tables 2 and 3) were obtained from assays of sample solutions, demonstrating that other compounds did not co-elute with peaks of interest. The chromatogram obtained with the mixture of the syrup excipient (Fig. 2b) proves that there is no interference from excipients thus peak of interest fulfills all the requirements of symmetrical peak, and hence the specificity is established.
Precision of an analytical method is the degree of coherence among individual test results when the method is applied repeatedly to multiple sampling of homogeneous bulk. Intra-day precision of the method was evaluated at three different independent concentrations i.e. 80%, 100%, and 120% for the drugs (n=3) by determining their assays. Interday precision of the method was tested for 3 days at the same concentration levels. Solutions for calibration curves were prepared every day on freshly basis. Since the inter-day and intra-day precision obtained %RSD was less than 2% it assures that the proposed method is quite precise and reproducible as shown in Table 2 . Accuracy was investigated by means of addition of reference standards to a mixture of the syrup excipients. Recovery studies of the drug were carried out for the accuracy parameter at three different concentration levels i.e. multiple level recovery studies. A known amount of API's standards were added into pre-analyzed sample and subjected to proposed HPLC method. The mean recovery (n = 9) was 99.0% -99.7% (RSD=0.61%) for CTZ, 99.51% -101.02% (RSD=0.68%) for PCM, 99.23% -99.93% (RSD=0.52%) for MP and for PP 99.0% -98.47% (RSD=0.61%), demonstrating the accuracy of the method. Percentage recoveries for marketed products were found to be within the limits ( Table 3) .
The statistical analysis showed no significant difference between results obtained employing the analytical conditions established for the method and those obtained in the experiments in which variations of some parameters were introduced. The parameters used in system suitability test were symmetry of peaks, tailing factor, resolution and RSD of peak area for replicate syrup. Thus, the method showed to be robust for changes in mobile phase acetonitrile proportion, mobile phase pH, flow rate, and column temperature ( Table 4) . 
Forced Degradation Studies
Forced degradation is a process that involves degradation of drug products and drug substances at conditions more severe than accelerated conditions for stability and thus generates degradation products that can be studied to determine stability of the molecule. ICH guideline states that stress testing is intended to identify the likely degradation products which further helps in determination of the intrinsic stability of the molecule, establishing degradation pathways and to validate the stability indicating procedures used [22] . Forced degradation has to demonstrate specificity when developing stability-indicating methods and for this reason, it should be performed prior to implementation of stability studies to assure that analytical methods are stability-indicating [26] , hence a forced degradation study was performed. During this study, upon treatment of CTZ, PCM, MP and PP with alkali (0.1M NaOH), acid (0.1M HCl), hydrogen peroxide (3%) and heat, it was observed that CTZ and PCM with preservatives are fairly stable to alkaline, oxidative and thermal stress conditions as the degradation was less than 10% that could be considered as allowed value for a product whose shelf life limits is in 90% -110% range [27, 28] . In Fig. (3) samples showed different grades of degradation based on forced degradation conditions, in some cases higher than the individual components due to formation of some degradation products by combination of several of them. In our study PCM proved to have stability on thermal stress condition and no extra peak or increased area was observed which is in agreement with previous studies [29] . While oxidation with peroxide gave an extra peak, supposed to be benzoquinine-imine derivative (Fig. 3d) , however, about 13% increased which is much more than observed by earlier researchers [26, 29] whereas about 4% decrease was observed for CTZ, MP and PP each under same stress condition. In alkaline conditions more PCM degradation was observed, which infers that greater oxidative degradation of PCM is attributed to oxidative vulnerability pushed up by electron withdrawing group in the form of amide as compared to hydrolysis. Whereas the other ingredients showed somewhat same behavior as in oxidative stress condition. A negligible degradation was observed for all the APIs (Fig. 3b) when acidic hydrolysis was performed which shows the same pattern as in the thermal stress condition. Esters of MP, PP and salt of carboxylic acid showed thermal stability which is similar to the results obtained in an earlier work [2] . Although parabens do possess carboxyl group but more drastic conditions are required to get them degraded as compared to PCM and CTZ. They have been found comparatively stable in all the provided conditions however as shown in the Fig. (3a and b) strong hydrolysis with both acid and base along with heating for longer time is required to decarboxylate the molecules to some extent, always not found on common experimental condition.
As shown by the chromatograms (Fig. 3) acidic and basic hydrolysis of paracetamol degraded peaks appear to be on the same retention time that can be assumed to be amino phenol which is the outcome of decarboxylation reaction after hydrolysis. The data in Table 5 also revealed that PCM and CTZ are usually more vulnerable to the stress conditions as compared to MP and PP. Further in Fig. (3a) , base treated sample, degraded peaks of PCM is the Clear evidence of base hydrolysis of carboxylic group. Extremely high absorbance PCM in peroxide treated sample (Fig. 3d) showing the sensitivity of carboxylic salt being oxidized. The degraded peak appears to be on the same retaining time which can be assumed to be amino phenol and which is the outcome of decarboxylation reaction after hydrolysis. 
Stability Studies
Stability testing is an imperative part of the process of drug product development. Major purpose of stability testing is to provide documented data of how the quality of a drug substance or drug product varies with time under a variety of environmental conditions, for example temperature, humidity, and light and enables recommendation of storage conditions, retest periods, and shelf life to be established. It is a well-established fact that main aspects of drug product that play an important role in shelf-life determination are assay of the active drug and the degradation products generated during stability studies. Therefore it has become mandatory to perform stability studies of new drug moiety before filing in registration dossier. The stability studies include long term studies (12 months) and accelerated stability studies (6 months). But intermediate studies (6 months) can be performed at conditions milder than that used in accelerated studies [30] . The proposed assay method was applied to stability study of commercially available syrups, for which the samples were placed at specified condition and study was proceeded according to stability protocol as described in previous section ( Table 6 ). Samples were analyzed and percentage of contents was measured. According to results obtained CTZ and PCM with preservatives were found to be stable at applied conditions of temperature and relative humidity, and were accurately analyzed with the proposed method. 
CONCLUSION
A new HPLC method is proposed for simultaneous determination of cetirizine HCl, paracetamol with preservatives methylparaben and propylparaben in serum and liquid dosage forms. The proposed HPLC method described provides a simple, convenient and reproducible approach for simultaneous identification and quantification of four ingredients in human serum and pharmaceutical formulations with good separation and resolution. In addition, this method has the potential application to clinical research of drug combination. Analytical results are accurate and precise with good recovery and lowest detection limit values. In short, the developed method is simple, sensitive, easy, and efficient having short chromatographic time and can be used for routine analysis in QC laboratory and therapeutic monitoring. Due to the presence of different interferents in solution formulations such as coloring agents, flavoring agents, sweetening agents and preservatives other than PP and MP, the proposed method should be re-evaluated prior usage for commercial solution products containing ingredients other than those used in this work. 
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